It is believed that the treatment of pulmonary heart failure secondary to bronchitis with obstruction in the airways depends upon the relief of severe hypoxia. Unlimited oxygen leads to depression of ventilation and so-called 'carbon-dioxide narcosis' (Donald, 1949; Sieker and Hickam, 1956) . Barach (1938) suggested that oxygen could be given at modest concentrations which would allow the relief of severe hypoxia and yet avoid a rapid increase of arterial carbon dioxide. Donald (1953) and Campbell (1960) developed the technique of controlled oxygen therapy whereby the inspired oxygen concentration is maintained around 30%. Confusion and drowsiness can still be a problem even at these oxygen concentrations. Other workers thus prefer intermittent positive pressure respiration (IPPR) as a means of ensuring relief of hypoxia and removal of carbon dioxide. It is the purpose of this paper to review our experience with controlled oxygen therapy in 40 patients, to describe the natural history of pulmonary heart failure when controlled oxygen is the principal therapy, and to confirm that positive pressure respiration is largely unnecessary.
METHODS
All patients had chronic bronchitis with airways obstruction and attended a bronchitis outpatient clinic. Chronic bronchitis was defined as a productive cough on most days for at least three months of the year for two or more years. The sputum was either continuously or intermittently purulent. Chest illnesses or exacerbations of bronchitis occurred at least once per
IRequests for reprints to P. H. year. The forced expiratory volume (FEVo7.5) was less than 1 litre and the FEV % FVC below 60 in all patients. Pulmonary heart failure (cor pulmonale) was the reason for admission to hospital. The tongue was invariably cyanosed. Heart failure was diagnosed by the presence of a raised jugular venous pressure, right ventricular heave in the substernum, enlarged tender liver, and peripheral oedema. All patients were required to have cyanosis, raised jugular venous pressure, and a right ventricular heave for admission to the study. The oedema was graded in the first attack as absent, slight (ankles only), moderate (ankles and legs) and severe (legs and ascites). The electrocardiogram was read in the first attack of heart failure, note being taken of P pulmonale (P wave>2 mm in S2), and right ventricular hypertrophy and strain (dominant R and inverted T in VI to 3, dominant R in aVR, and dominant S in V5). By descriptive classification these patients could be placed in the 'bluebloater', BB or BE divisions of Fletcher, Hugh-Jones, McNichol, and Pride (1963) .
All patients admitted to hospital from 1967 to the end of 1969 were included if they satisfied the above criteria. Patients in terminal respiratory and cardiac failure believed to be secondary to predominant clinical emphysema were excluded as far as possible. These patients had been seen previously in the outpatient clinic and were known to have clinical manifestations of severe emphysema without obvious cyanosis of the tongue or episodes of congestive heart failure. During the two-year interval many patients were treated who had survived repeated bouts of failure during an earlier period. These were included in the study.
Oxygen was administered by an oxygen tent (Mark 4, Oxygenaire Ltd.) or by nasal catheters (British Oxygen Ltd.). An arterial blood sample was withdrawn into heparinized glass syringes from the brachial artery soon after admission and analysed immediately 572 for pH, oxygen tension, and carbon dioxide with Astrup or E.I.L. electrodes. Severe heart failure (jugular venous pressure raised>5-6 cm), drowsiness, and confusion were indications for tent therapy. Oxygen was delivered to the tent initially at flow rates between 4 and 6 litres per minute when samples of tent gas taken by long catheters from the top of the tent recorded oxygen concentrations between 25 and 300'. Patients with less severe failure who were lucid started on nasal catheters at oxygen flow rates between 1 and 2 litres per minute. A number of the longest survivors, who were first treated more than five years ago, did not have continuous oxygen therapy but this has not been the practice of the department in more recent years. The clinical state was observed carefully after commencement of oxygen, particularly the level of consciousness. Increasing confusion or drowsiness was treated first of all with intramuscular amphetamine sulphate, 10 mg sixhourly. If confusion or drowsiness persisted, or if the arterial Pco2 had climbed rapidly to values over 70 mmHg the oxygen flow was reduced. The amphetamine was continued for the duration of oxygen treatment. Most tent patients and about half of those on nasal catheters had amphetamine. Thus in the first stage of treatment the oxygen concentration in the inspired air was often as low as 23-24% but after two or three days it was usually possible to increase the oxygen concentration steadily to reach around 30% after a further 7-10 days.
Arterial blood gas estimations were repeated within 24 hours according to the clinical state and thereafter at increasing intervals to recovery from heart failure as shown by the disappearance of oedema and return of the jugular venous pressure to normal. If, despite this careful 'titration' of the oxygen therapy to the clinical state and the arterial blood gases, no improvement or a fall in arterial oxygen tension (Pao) to below 40 mmHg occurred within 24 hours then therapy was abandoned and IPPR begun. Figure 1 shows an example of the effect on Pao2
and arterial carbon dioxide tension (Pacom) of giving increasing concentrations of oxygen with nasal catheters. The first arterial blood gases were taken during air breathing. Oxygen was started at a flow of 1. l/min. Pacm2 rose sharply in the first few hours of therapy and the oxygen flow was reduced to 0 75 1./ min. The rise of Paco2 was slowed but the Pao2 fell to 39-40 mmHg. At the end of the second day the oxygen flow was increased to 125 I./min. PaG2 rose steadily to 62 mmHg as did Pacom to a peak value of 77 mmHg. Thereafter Pacom steadily declined. After 32 days the oxygen therapy was stopped for a few hours. Paoa fell sharply to 48 mmHg and had failed to reach its former levels some hours after oxygen was restarted (when the blood sample was taken). In this patient the heart failure was clinically relieved but the improvement of blood gases could not be sustained without oxygen enrichment of the inspired air.
Controlled oxygen therapy was continued for at least one week but in most patients for two to three weeks. Tent treatments were often followed for some days with oxygen via nasal catheters. Oxygen therapy was withdrawn slowly during one further week when signs of cardiac failure had subsided, first during the day and later at night. Although oxygen therapy was considered most important all patients received a diuretic (mersalyl on alternate days, or daily chlorthiazide, or daily frusemide), potassium supplements, and an antibiotic (penicillin and streptomycin, or ampicillin, or oxytetracycline). Antispasmodics such as aminophylline compounds, isoprenaline, and orciprenaline were occasionally given. Digoxin was not used.
A number of patients were treated in other hospitals for some exacerbations. Although blood gases were usually not available these episodes have been included in our analysis.
RESULTS
Forty patients were studied (36 male and 4 female). The mean age in the first attack of heart failure was 56-3 (S.D.+7-8) years. The length of history of chronic bronchitis was at least five years and often more than 10 years in all but two patients. In the latter, the history appeared to be only one to two years. The severity of the heart failure, judged clinically, varied from mild to severe. In the first attack, nine had no oedema but other evidence of congestive failure and seven had mild oedema; in 16 oedema was moderate and in eight severe. These figures were probably influenced by oral diuretic therapy given by the family doctor in a few patients. Five patients had a normal electrocardiogram and 17 showed P pulmonale but in only one was this the only abnormality. Twenty patients had dominant R waves and inverted T waves in the anterior chest leads VI to 3. Six patients had a dominant R wave in aVR and a dominant S in V5 without significant changes in the anterior chest leads. Fourteen patients showed evidence of ischaemic heart disease as indicated by T-wave inversion and Q waves in standard leads S1 to 3 and chest leads VS to 7 and in eight patients this was the only abnormality.
The 40 patients received 166 single treatments for pulmonary heart failure ( instances. In no case was the problem so troublesome that treatment had to be abandoned. The symptoms were most severe in those showing steep ,h the changes were not statistically rises of Paco2 but improvement occurred when ure 6 shows two individual plots as the inspired oxygen was reduced. examples of the blood gas changes during successive treatments of heart failure. The trend of progressively falling Pao2 but variable Paco2 is evident.
Eight patients were treated with IPPR after tent therapy failed; two had influenzal bronchopneumonia and both died shortly after IPPR was 2T 
DISCUSSION
Controlled oxygen therapy gives continuous oxygen to patients with pulmonary heart failure without producing carbon dioxide narcosis and it is hoped that it avoids the need for IPPR. Oxy£z 0 575 group.bmj.com on April 7, 2017 -Published by http://thorax.bmj.com/ Downloaded from gen is the principal therapy because it is believed that alveolar hypoxia leading to a rise of pulmonary artery pressure is intimately concerned with the aetiology of cardiac failure (Bloomfield et al., 1946; Mounsey et al., 1952; Whitaker, 1954) . Experimentally, alveolar hypoxia causes active vasoconstriction in the pulmonary circulation. Pulmonary blood flow falls if pulmonary artery pressure remains constant or pulmonary artery pressure rises if flow is controlled. This is true for many animals and man (Blount and Vogel, 1967; Campbell, Dawes, Fishman, and Hyman, 1967; Kato and Staub, 1966; Abraham, HedworthWhitty, and Bishop, 1967; Barer, Howard, McCurrie, and Shaw, 1969) . Alveolar hypoxia is believed to be the major stimulus to the rise in pulmonary artery pressure in patients with bronchitis (Bishop, 1968; Abraham et al., 1969) , but other factors such as carbon dioxide tension, pH, reduction of the vascular bed by disease, and increased blood volume may contribute. The relative importance of these factors compared with hypoxia is still disputed. Pulmonary heart failure is assumed to result from the rise in pulmonary artery pressure, but the issue is complicated by the effects of chronic hypoxia directly on cardiac muscle. Experimentally it causes the size of both the right and left ventricular muscle to increase (Cook, Barer, Shaw, and Clegg, 1970) , suggesting a direct effect on muscle not related to the pulmonary vascular consequences. Cardiac muscle changes might contribute to cardiac failure.
The natural history of pulmonary heart failure portrayed in this study supports alveolar hypoxia as the most important causative factor. Thus, as heart failure subsided, hypoxia lessened and less satisfactory recoveries were obtained in the longer term as Pao2 steadily declined. Patients with a lower presenting Pao2 at the first visit tended to survive for shorter periods. Arterial carbon dioxide tension, on the other hand, did not seem to be important as the changes varied, being sometimes greater after recovery than in the acute phase. Hydrogen ion concentration was unlikely to be a major factor as pH seldom fell below 7 30.
Controlled oxygen therapy is used to maintain Pao2 sufficiently high to ensure adequate function of vital organs such as the brain. Hutchison, Flenley, and Donald (1964) considered an arterial oxygen tension of 50 mmHg as safe but Campbell (1964) Artificial ventilation has been used to treat respiratory failure resulting from obstructive airways disease for 20 years (Boutourline-Young and Whittenberger, 1951; Bradley, Spencer and Semple, 1964; Kristensen, Jessen, and Rasmussen, 1967) . IPPR is almost universally used but tank respirators are advocated by some (Grendahl and Refsum, 1965) who wish to avoid tracheostomy. The relief of hypoxia and the removal of carbon dioxide are ensured but the complications of the technique are formidable particularly in those with pulmonary heart failure. They include infection of the stoma which acts as a source of bronchial infection (Gotsman and Whitby, 1964) , tracheal stenosis and haemorrhage, a fall of blood pressure and cardiac output (Kristensen et al., 1967; Roncoroni, Agrest, Roehr, and Grzesko, 1962) , and the technical and nursing problems of the machine. The mortality is high and varies between 15 and 50% for single treatments (Munck, Kristensen, and Lassen, 1961; Bradley et al., 1964; Sieker and Hickam, 1956; Kristensen et al., 1967) . Repeated tracheostomy for the number of treatments many of our patients received is clearly unsuitable and, we believe, unnecessary.
IPPR was used in only 5 % of our treatments (but at some time in 20% of patients, i.e., 8 out of 40). These are small proportions for the following reasons: IPPR was reserved for the failures of controlled oxygen therapy. Respiratory failure in predominantly emphysematous patients has been excluded as far as possible. The clinical severity of pulmonary heart failure varies widely and this study includes patients with lesser degrees of heart failure who would probably never have been treated with artificial ventilation even in centres which favour this therapy. Particular care was taken not to precipitate the need for ventilation by too high a concentration of oxygen in the initial therapy.
It was thus possible to treat 95% of our acute exacerbations successfully with controlled oxygen in the acute phase, but it is important to know whether the long-term progress is improved. A progressive fall of Pao2 occurs (Fig. 3) The duration of oxygen therapy in this study was essentially short-term but evidence is accumulating to suggest that an improvement in long-term prognosis might depend upon much longer periods of oxygen administration. Abraham, Cole, and Bishop (1968) gave oxygen continuously at a rate of I to 3 litres per minute through nasal catheters for four to eight weeks. The raised pulmonary artery pressure slowly returned towards normal values. They suggested that structural changes due to hypoxia in small pulmonary vessels of patients with bronchitis regressed during therapy but the improvement could be achieved only slowly. Petty and Finigan (1968) gave oxygen for periods between 7 and 41 months to 33 patients with hypoxia and irreversible airways obstruction living at high altitude. The expected mortality after two years was halved.
We think that the majority of patients with cor pulmonale secondary to chronic bronchitis can be treated with controlled oxygen even if it means starting with only small additions of oxygen to the inspired air. The long-term prognosis is not influenced by closer attention to the details of controlled oxygen during the acute phase. Relapse invariably occurs, and it is doubtful whether these short periods of therapy are having any effect on the pathological changes in the pulmonary circulation. Much longer periods of therapy, extending over months, perhaps years, may well be necessary, and this will depend upon an effective domiciliary oxygen service. This work was supported in part by a generous personal grant to P. H. from the Wellcome Trust.
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